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(Graf 19$S). Large desert floods can cause sub- 
strate erosion and plant removal in systems in 
which stabilizing vegetative cover has been re- 
duced by cattle grazing. base-flow reduction, or 
other factors (Platts et al. 1985. Gordon-Ish- 
Shalom and Guttennan 1959, Stromberg and 
Patten 1992). This occurred in large scale in late 
nineteenth-century Arizona when large floods 
on denuded floodplains and watersheds con- 
triluted to regional erosion and doewncutting of 
streams (Cooke and Reeves 1976). Floods also 
ean cause local extirpation of aquatic species in 
areas Where habitat fragmentation has reduced 
their ability to recolonize disturbed areas (Col- 
lins et al. 19S1). In general, however, because 
desert stream ecosystems evolved with flooding, 
they are able to resist or rapidly recover alter 
flood events (Fisher and Mincklev 1975, Fisher 
et al. 1982. Reichenbacher 194). 

Few desert streams in the Southwest have 
not been modified to some degree by human 
activities. The opportunity arises infrequently to 
study large floods in relatively unimpacted svs- 
tems. In February and early March 1991. rain- 
stonns caused extensive flooding in Arizona. 
Three-day rainfall totals within the watershed of 
the assay ampa River were 7.) cm (Wicken- 
burg station) to 10. em (Prescott station). com- 
pr ising about 25% of the annual average 1 vaintall. 
This resulted in peak stream [lows of 365 mis 
(>3000 times base flow level) at The Nature 
Consernancy s Hassavampa River Preserve, a 
relatively unmodified riparian svstem for which 
there are pre-tlood baseline data (Stromberg et 
al. 1991). A continuing serics of stonns ane 
spring snowmelt produced several sinaller flood 
peaks throngh the middle of April. This event 
provided the opportunity to study the response 
of the riparian ecosystem to a 10- “\ear reunn 
flood. Our primary objectives were to quantify 
(1) changes in floodplain topography resulting 
from sediment deposition and scour; (2) suni- 
vorship of dominant riparian trees (Populus fre- 
moutii, Salix gooddingii, Prosopis vclutina, and 
the exotic Tamarix pentandra) and shnubs ( Bac- 
charis salicifolia, Hymenoclea monygyra. Tes- 
saria sericea, and Zizyphus obtusifolia): (3) 
post-flood seedling recruitment and vegetative 
reproduction of trees and) shrubs: and (4) 
changes in cover and composition of herbaceous 
species. Secondary objectiv es Were to Compare 
the effects of the I0- -vear retim flood to those 
of smaller prior-vear floods, incliding a 3-vear 
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The Hassavampa River lies within the Gila 
watershed of central Arizona's Basin and Range 
Province and drains portions of the Bradshaw, 
Date Creek. and Weaver mountains. It arises at 
about 2350 m and flows freely and intermit- 
tently through bedrock canvons interspersed 
with deep alluvial basins to its confluence with 
the Gila River at about 240 m. South of Wick- 
enbur gin northwest Maricopa County. Arizona. 
ashallow bedrock k: Iver Causes perennial surface 
flow for about S km. The bedrock-confined per- 
ennial reach is supplied with alluvial and basin- 
fll groundwater stored in a deep basin located 
around Wickenburg Jenkins 19$9a, 1959b). 
The watershed above this point is about PSOO 
km?, approximately one-third of which is com- 
posed of mountains vegetated by Pinus ponder- 
osa forests. The remainder is rolling hills and 

vallevs vegetated by Interior chapar ral and Son- 
oran desertscrub species 

The study was pondunted along a gaining 
section of the perennial river reach (base flows 
increase from 0 to 0.11} m’s |) at an elevation of 
600 m within The Nature Conservancy's Tas- 
savampa River Preserve | Jenkins 19S9a). The 
river has a gradient of 6 m km‘. The primar 
channel has sandy bed sediments, awidth of 1-3 
m. and depth of about 0.3 m. The floodplain, 
which ranges from about 150 to 200 m in width. 
in this paper is defined geomorphologically as 
that surface adjacent to the chanel and built of 
materials deposited in the present regime of the 
river (Graf 19SS). This encompasses surfaces 
vegetated by Prosopis vclutina that are up to 5 
m above the water table | Fig. 1). based on 
evidence that substrate in such areas was flood 
deposited | Burkhaim 1972. Mincklev and Clark 
1954). The adjacent uplands slope down to the 
Hloodpk: in with varving gradic nts. The climate is 
arid with average annual rainfall of 29 em at the 
Wickenburg station. 

The Hassavampa River Preserve was histori- 

cally grazed and used recreationally. but both 
impacts were eliminated in 1987 when the area 
was acquired by The Nature Conservancy 
Richter 1992). The system man still be recov- 
ering from these prior impacts: however, there 
are no streams in the area that have been un- 
grazed for long time periods with which the 
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Hassayampa River ecosystem cond be com- 
pare ‘“d. The herbaceons aderston contains 
WAN CANOLIC pli uit species, but the ove rstory 
Spe ‘CICS are pre dominantly: native 1 e. g, Ve relu- 
tina. P fremontii. and S. cooddingii® except for 
asmall component of T pentandra. Portions of 
the watershed are CVAZC “dby cattle and urban- 
ived. processes that may result in increased sedi- 
ment vicld or increased peak flow velocities 
Von Guerard 1989. Kondolt fand Keller 199%, 
Leopold 199] 
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Data were collected on stream discharge, 
Toodplam weradation and degradation. wood 
pidenil sumvavorship and reernitment. and he rba- 
Cr praurit COVET SPECICs richness, and Shan- 
orn Wee species diversity. These data were 
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rod per plot) thronghout the floodplain. Depth 
was measured in August 1990 (pre-flood) and 
late) March 1991 xe May 1991 (post-Hood). 

Fifteen of the rods could not be relocated after 
the flood. Relationships of sediment deposited 
or scoured by the 1991 flood with floodplain 
elevation (i.e. height above the water table), 
distance from the primary channel, and woody 
plant stem density were determined with uni- 
variate nonlinear regression analysis. Multivari- 
ate analysis was not utilized because variables 
were not independent (e.g., stem density and 
floodplain elevation). The relationship between 
average sedimentation within the Hoodplain 
and flow discharge was quantified with univari- 
ate regression, using data for the 1991 food and 
for five smaller Hoods in prior vears (Stromberg 
etal. 1991), 


Tree and Shrub Survivorship 
and Recruitment 


Stem density of woody plants was sampled 
Within 100 permanent, nested plots distributed 
throughout the floodplain. Large trees (>10¢m 
stem diameter ata height of 1m) were sampled 
in }9S9 and alterthe Hloodin 1991 in 10 * 40-m 
plots. Density of shrubs, trees saplings (plants <1 
cm stem diameter at a height of | mand >] yr 
old), and pole trees (1-10 em stem diameter at 
a height or in) was sampled in late March or 
earh April LOSS, 1989, 1990, 1991, and again 


1993] RESPONSE 
July or August 1991 in 2X 2-m plots. SEES 
shrubs, me Une wae inmapped in all vears 
allowing for more precise calculation of post 
flood revegetation and annual survivorship in 
vears with different flood mi agnitudes. Tree and 
shimb se ‘edling densities were measured 
monthly in 1991 in 4+ x 4-din plots to document 
post- flood see dling recruitinent. 

Survivorship of shrubs, saplings, and pole 
trees from 1990 to 1991 was analyzed in relation 
to several environmental variables (stem den- 
sity, floodplain elevation, and distance froni the 
chanel. and water de pth. velocity, tractive 
shear stress, stream power, and se sdiment de ‘pos- 
ited during the 1991 flood) with nonlinear re- 
gression analysis. The flood flow Dame ters 
were calculated froma calibrated ILEC-2 flood- 
plain model. and floodplain elevation and cis- 
tance from the channel were determined from 
cross-sectional surveys of the floodplain (Strom- 


poreenal, 1991), Survivorship was analyzed for 


a composite data set of all shrib, sapling. and 
pole tree stems, and separately for three individ- 
nal species (P. fremontii, S. gooddingii, and B. 
salicifolia). 


species with low mortality (e.g, P relutina and 


Z. obtusifolia) or those in ne yr than 20 study 


plots (e.g., HH. monogyra and T. sericea). 
Herbaceous Cover 


Cover of herbaceous vegetation was esti- 
mate sd visually within 100 permanent plots (1 x 
1 m) distributed unong several different over- 


story vegetation types. I lenmee ous cover in four 


overstory types (B. salicifolia stands, 11. 
monogyra stands, Poputiis-Salix forests, and 2 
telutina forests) was sunpled in’ March and 


September 1985, 1989, 1990, and 1991. Cover 


in the streamside herbaceous type was sample cl 
monthly during these pears tO dociiment rates 


of post- Biliacine cans cm, lorcoimpan within- Vear 


effects of flooding, herbaceons cover by species 
was suunpled inten 1X L-m plots in flooded aud 
unflooded Po velutina forests in March, April, 
June, and July 1991. Depth of sediment was 
used as the indicator of flooding. Prosopis veln- 
tina forests were chosen for this analysis be- 
cause they occupied the highest floodplains aud 
encompi assed areas with a without flood in- 
pact. Mean cover and species richness per plot 
were statistically compared between flooded 
aud unflooded forests with: Student's ( test. 


Survivorship was not ae, for 


TO 10-YEAR RETURN FLOOD 22) 


lig. 2. Daily bydrogr: aph of the Tassav: wnpa River dunng 
the 1990 9] water vear, Data for 12-26 March were not 


uwailable. 


RESULTS 


Flow Data and Floodplain Topography 


The 199] flood had peak discharge of 36S 
ms? on 1 March (Fig. 2). a value abont 3000 
times greater than the base flow rate (O.E ins 1), 
about 12 times greater than the 1.5-vr bankfull 
disch: arge (30 1's |), and with a recurrence in- 
terval of slightly less than 10 years (Jenkins 
1989a). Dischar ge remained above base flow 
valnes throngh Hick April. The flood imindated 
nearly all of ile floodplain, in contrast toa5-\ear 
retum flow that did not immidate an flood- 
plains vegetated by Po velutina (Ti able 1). Peak 
flow ve ae in the riparian zone in M: “a L991, 
as calculated from the ILEC- 2 Hoodplain model. 
ranged from 1.7 + 0.61ns | in the near-stream 
herbaceous vegetation type to 0.9 + Ons in 
the high floodplain P celutina forests. For these 
same areas, peak water depth was 2.6 + 0.2 m 
and 0.5 + 0.3 1m (Table 1): and tractive shear 
stress was 12.7 + 7.3kem “and3m = 3..keim-. 

Surface topography was altered during the 
flood as a result of de ‘position of sediment and 
woody debris on floodplains, scouring of sedi- 
ment from channel banks. and creation of scour 
~00ls along the main channel and in overflow 
channels, The 10-vear retum flood deposited 
more than twice as nich sediment (S ci) asa 
prior 5-vear retum flood (3 cn) (Fig. 3). Depo- 
sition peaked (uaximimin of 47 cm) on floodplain 
sites that were 1-2 m above the water table and 
declined in “bell curve” fashion on higher and 
lower surfaces (Fig. 4). This pattern differed 
from that for smaller prior-year floods in which 
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Fe. 4 Sediment deposition means and standard devia- 
tWaa bars on floodplains of various heights above the water 
tuble dung a 10-vear return flood in 1991 in the Ias- 
savanipa River. 


tion. Vegetation types with abundant woody 
stem density e.g.. B. salicifolia and P. fremon- 
tii-S sonddinen pole stands) accumulated 
more sediment than did tvpes with lower stem 
density e.g.. H. monogyra stands’ | Table 2 


Tree and Shrub Survivorship 


Woody plants growing on high floodplains 
where flood impacts were least had highest sur- 
\ivorship of the 1991 flood. For the composite 
sample of shrabs. saplings. and pole trees. sur- 
\ivorship increased significantly as finctions of 
flood water depth , Fig. 5. floodplain elevation. 
He distance from the primary channel | Table 

Mature trees of P. velutina. P. fremontii. and 
sooddingii crew on floodplains higher than 2 
i atbove the water table and had 100% survivor- 
ship Table 3\. Saplings of P celutina grew pri- 
nearily in the understory of P fremontii—-S. 
2ooddinaii stands and also had high surviv orship 
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TisLF 2. De pth of sediment deposited or scoured on the Tbassav. ampa River floodplain dunny tloods of vaning 


recurrence intervals. by vegetation type. Vlean Hoodph. un height above the water table. distance From the streasechannel 


and density of woods stems are indicated for each vegetation type. Values are means 
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(S2%). Pole trees of S. gooddingii. P. fremontii. 
and T. pentandra grew on mid-height flood- 
plains 1-2 m above the water table and had 
respective survivorship of 93%. 73%. and 38%. 
Tamarix pentandra was the oak one of these 
three species that had much lower survivorship 
of pole trees in 1991 than in prior vears. Saplings 
of these three species grew on floodplains =< ta 
above the water table. and each had about 35% 
survivorship of the 1991 flood. 

Survivorship of the 1991 flood by poles and 
saplings of P_fremontii was significantly related 
to floodplain elevation. distance from the 
stream, and depth of floodwater | Table 4). Salix 
gooddingii survivorship showed the same 
trends, but relationships were not significant. 
Populis fremontii poles on floodplains 1-2 m 
above the water table had 94% + 10 survival. 
compared to 60% + 40 for those on floodplains 
<I m high: values for saplings were 54% + 46 
for the higher floodplains and 50% = 35 tor the 
lower. With respect to flood water depth. P 
fremontii and S. gooddingii poles and saplings 
showed a threshold-type response in which sur- 
vivorship declined: sharply where water was 
>1.5 m deep (Fig. 6). Sediment deposition, 
shear stress. stream power, and velocity were not 


significantly related to survivorship for either 
species. Betw GoMveats, annual survivor ship tor 


P. fremontii and S$. gooddingii saplings de- 


creased significantly as annual maximum flood 


magnitude increased, with. tor example, 30S of 


P. fremontii saplings surviving the 1991 flood. 
43% surviving the 3-vear return flood in 19S. 
and 59% surviving during the | Vear retum 
Hood vear in 19S9 iP ig. 7). Inall vears, S. good- 
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Fig. 3. Survivorship of riparian shrubs. saplings. and 
sinall trees poles) in the Hassavanpa River floodplain. 
1990-91. in relation to Hood water depth Classes. 


dingti saplings had greater survivorship than P. 
fremontii saplings. 

Survivorship by shrib species in L991 corre- 
sponded to topographic position in the fHlood- 
plain. Stem survivorship averaged 100% for 
Zizyphus obtusifolia, a species that grew on high 
Hoodplains (3.2 = 0.6 m above the water table 
vegetated by Prosopis cvelutina torests, >SO% 
for 11. monogyra, a species that grew on tlood- 
plains averaging about 2m above the water 
table: and <20% for FE sericea. a low-tloodplain 
species 1.35 2 0.2m that sustained iueh stem 
breakage. Stem survivorship averaged 50 for 
B. salicifolia. the most abundant shrub in the 
floodplain. This species formed dense stands 
primarih ou low floodplains ca. 1m high) but 
also grew in lesser densities on higher tlood- 
plains. Stem survivorship of B. salic ifolia Was not 
significantly correlated with any flood parameter. 
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earner trees and shrubs in the Hassavampa River floodplain. Data are for 
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sapling cee sterns 1 cin diameter and are greater than] vear in age 


dessication. By the end of summer there were 5 
seedlings m > on floodplains <1 im above the 
water table (Table 5), a value sufficiently high to 
eventually produce amature forest w ith charac- 
teristic density of 0.3 stems in? (Table 2). Salix 
gooddingii seedlings also germinated ce 
d: intl in 199) after the flood pulse. In Mav He 
there were 618 S. vooddingii seedlings m > 
plots <1] im above the water table (Table oe 
Seedlings by the end of summer were most 
abundant on Hoodplains 0.4-0.6 m above the 
water table. Tamarix pentandra germinated in 
June-September, after Po fremontii (March 
\pril) and S. gooddingii | April-May). Tamarix 
pe mtandra had maximum seedling density of 5 

~ 137 in June 1991, but none were alive by 
lieendior summer. 

Baccharis salicifolia stems recovered to pre- 
Hood densities (4.5 + 4.5 m *, measured within 
B. salicifolia vegetation zones) by July 1991, 
prim arily a recult of stem sprouting and in part 
aresult of seedling recruitment. Stem density of 
Hymenoclea monogyra increased by late suim- 
mer 1991 toa value somewhat higher than pre- 
flood levels (2.3 + 2.5 stems in 2) as a result of 
vegetative reproduction. Tessarvia sericea also 
hal post-tlood VCVCTIEN spread. but stem den- 
sities had not attained pre-lood levels bv late 
SHMINET, 
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Fig. 6. Survivorship of saplings and small trees (poles. ol 
Populus fremontii and Salix gooddingii, 1990-91. in relation 
to maxinunn water depth during a 10-vear return Hood. 


Fig. S. Density of Populus fremontii in relation to water 
table de ‘pth. by month during 1991. 


Ilerbaceous Cover 


Spring herbaceous cover in all vegetation 
types except that of the highest floodplains (P 
celutina forests) was less abundant in 1991 than 
in prior vears (Table 6). Herbaceous cover un- 
der P. fre montii-S. gooddingii forests, for exam 
ple, averaged S@ in 1991 compared to 2134 
in prior vears. Herbaceous cover ou strean- 
banks and in B. salic ifolia stands was 16% and 
11% respectively in late March 199] compared 
to3$% and 34% in the prior vear. Cover in these 
{Wo areas Was Composed primarily of rhizoma- 
tons grasses (the native Paspaltam distichim and 
the exotic Cynodon dactylon) and also con- 
tained lesser amounts of other natives ae ae Ty- 
pha domingensis aud species of Juncus) and 
exotics (e.g.. Melilotus albus and Polypogon 
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Fig. 7. Amma survivorship of saplings of Popultes fre 
moult and Salix gooddingii along the Hassayanpi River 
floodplain in relation to maximum annual flood flow rate. 
0.08, 9° 99. df 


Regression ¢ quations ares V9 
(12x. m= 297, cf 


P= OL P fremontii sand, — 2 
P< .05. 8S. gooddingii 


toy 


monspelicnsis). Cover in these areas increased 
nearly to pre-fHood levels by September. Cover 
within higher-clevation vegetation types be.g.. 
Populus- ware forests) remained low as of late 
summer Within 2 celuting forests, areas that 
were flooded had lower cover but greater rich- 
ness and diversity of species throughout. the 
simmer compa ared to areas that were not 
flooded (Table 7). Unflooded and flooded areas 
inthe P. velutina forest were both initially domi- 
nated by two exotic winter-germinating annuals, 
Hordern leporinun and Sisymbrium irio. 
These two species continued to dominate un- 
flooded areas throughout spring and early sinn- 
mer. Flooded areas. in contrast. had about 1/6th 
the cover of unflooded areas, and about A) 
times as MaHIV Spe cies (e.9..9.2 + 1.9m -vs. 1.9 
mo (5) ae April data). The Se Wecu several 
native annual forbs | ce.g., Amaranthus palmer, 
Bowlesia ineana. Amsinckia intermedia, Gilia 
sinuata, Lotus lionistratus. Microseris lineari- 
Nenthiton stramarinn, and Verbesina 
encclioides) and several exotic annual forbs and 
vrasses (e.¢.. Bromus rubens. Herniaria cinerea. 
Solaman rostration. aud Tribulus terrestris. 


DISCUSSION 


oe systems are noted for their resil- 
icnev. L.e., the ability toquickly return to pre-dis- 
ae conditions. Rapid growth rates, high 
fecundity. and capacity for asexnal reproduction 
are among the factors that allow rapid recovery 
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durme the period of maxinitun abundance and at the end ol the growing 
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Worparnau plants alter disturbance Stromberg The 10-vear return flood in the ITassavampa 
Be Patten 19a Coa and Wilkon 19901, River inundated most of the floodplain and de- 
Densely ve cetated Hoodplam Coosystems also positeda net average of S cin of sediment (maxi- 
Lye ae sant to foods. in the s isethat floods ul of 0.5 m). Low-elevation floodplain 

r the without scouring vegetation or surfaces liad greatest flow velocities (to 7 ms |) 
Moideicl son and) Minekley 198-4), and water depths (to 2.8 m). The native riparian 
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vegetation showed a mixture of resistance and 
resilience to this food disturbance. Species on 
high floodplains (e.g., P velutina and Z obtusi- 
folia) ) had no mort: lity: While those on lower-ele- 

vation floodplains variously had mortality 
followed by seedling recruitment (2. fremontii 
and S, vooddingii) Jor by vegetative reproduction 
(e.g, Bacc ‘haris salic ifolia). 

Prosopis velutina was the dominant tree on 
high Hoodplains (ca. 3 in above the water table) 
and had high survivorship of trees and saplings. 
It diel not show post-flood seedling recrnitment, 
consistent with prior studies indicating that P 
velutina seeds genninate primarily Ate late 
sumer floods (Strombe rgetal. 1991). Populirs 
fremontii and S. sooddingii trees grew on flood- 
plains 2-3 im high and also had high SuINIvor 
ship. Young trees and saplings of these two 
species were on vounger, less aggraded flood- 
plains and sustained some mor ae Salix good- 


dingii s saplings and poles had lower mortality 
than did Populus fremoutii, perbaps because of 


greater stem pliability and tolerance to satura- 
tion (McBride and Strahan 19S4, Thinter et al. 


1987). Survivorship of both species was greater 


on sites where flood waters were shallowest, a 
factor reported to be an important determinant 
of flood survivorship in other riparian systems 
(Stevens and Waring 1988S). The rel: ationship 
between water depth and survivorship may be 
an expression of effects of flood hydraulic force 
on plant removal or mortality via abrasion and 
stem breakage, rather than of a cansal relation- 
ship beteeon root saturation and mortality. Al- 
though correlations of mortality with flood 
velocity and shear stress were not statistic: ally: 
significant. this mav have been due to cli: aotic 
movement of water and sediments on the {lood- 
plain, which are not adequately represe ue ‘dL by 
flood-simulation models such as HEC- 

The 199] flood created optimal ae re- 
cruitment conditions for Populus fremontii and 
Salix gooddingii by scouring chamel banks and 
depositing new sediment on stream banks, re- 
ducing herbaceous and overstory competition 
(at ane temporarily), and moiste ning flood- 
plains at an appropriate time (during seed dis- 
persal) and place (moderately high surfaces 
above the zone of frequent sumimer flood scour) 
(Stromberg et al. 1991). Tree-ring studies have 
shown that P. fremontii and S. coud estab- 
lish in large scale about once Adee: ide within the 
Hassavampa River system, during or alter vears 
with lar ge flows (+250 Ss. 4 -vear retam 
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Hood) (Stromberg et al. 1991). This present 
study confinns the role oflarge Hoods in increas- 
ing age-class diversity for these episodically re- 
criiting specics. 
The exotic TE peutandra co-oecurred with 

Populus and Salix but had greater mortality of 
pole trees than did the native trees. Mort: lity of 
T. pentandra more likely resulted from intole r- 
ance to physical flood fects than from phivsi- 
ological intolerance to intumdation (Warren and 
Turner 1975, Inine and West 1979). Tamarix 
pentandra lad low post-flood seedling estab- 
lishinent, due in part to a low density of mature 
sced-producing trees in the Hassavanpa flood- 
plain and in part to the fact that the Mood oc- 
curred several months pnor to 7. pe mtandra 
seed germination and this did not moisten po- 
tential germination sites at an appropriate tine 

(June one October). Additionally, much of 
the available“ge aon space” during its ge i 
mnination pe riod was preempte -d bv he pide OMS 
cover and by seedlings of P fremontii aCe. 
gooddingit. species that precede Tamarix peu- 
fede) in the chronosequence of tree species 
germination at the Hassay ampa River. 

Vegetative re production iS a COMMON post- 

dicta revegetation mechanism: in flood- 
plain systems (Geev and Wilson 1990) and was 
demonstrated by all shrub species in the Has- 
savampa River Noodplain that had flood mortal- 
ity. Extent of flood mortality of shrub species at 
the Hassayampa varied with their topographic 
position in the floodplain. Zisyphins obtnsifolia, 
a species of high floodplains (ca. 3m above the 
water table), had ne mortality. Baccharis salici- 
folia mndervent a 50% decline in stem de nisits 


during the flood but increased to pre-flood den- 


sities by late summer primarily via stem sprout- 
ine. Lyne noclea MOnOgYTaA and T. sericea are 
orl clonal shrnbs that spread via root sprouts 
after mechanical injury (Gary 1963) and via 
shoot sprouts after stem burial. Hymenoclea 
monogyra compensated for flood mortality by 
vegetative re production: but this was not the 
case for Tessaria sericea, a low-floodplain spe- 
cies that had high flood mortality; Other studies 
also have reported low flood sunvivorship for 
Tessaria sericea (Stevens and Waring 1955). 
Vegetative reproduction also was the domi- 
nant revegetation method for herbaceons plants 
along stream banks and low-elevation flood- 
tains. Cover in these areas declined by about 
half alter the flood but recovered to pre-flood 
levels by late summer, Flood-tolerant perennial 
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i itd) 
haven 


md © dacty- 
cicl prior to 


i let al 

t Phoocl Peat paren 
elooitds sag fap domain so usis ; 
Sabundance during flood- 
1982. Tkeu- 


~ 


man ulti- 


ite ly merease 1 
Mater py nods | Fisher et al. 
lricksomw and Minekles 19S4 
hielo levation Noodpl. uns showed changes in 
over and composition after the 1991 Hood. 
Prior tothe flood P celutina forests were domi- 
nated by dense. nearly monotypic stands of ex- 
otic anmnal species @.g . Hordeum murinium) 
threat prob tbl had become estab lished during 
past vears of cattle grazing and other exogenous 
Wolden et al. 1991). Alter the 


disturbanees 


flood these areas had lower cover but greater 


richness of herbaceous species and greater rela- 
tive abundance of native annuals. We speculate 
that compositional changes were due to reduced 
competition with entrenched exotics. an intl 


of food-borne seeds from upstrean: areas or 
other vegetation types within the (floodplain, or 


altered edaphic conditions resulting from depo- 
sition of sediment with different texture or m- 
trient content Stevens and Waring 19SS°. 
hiv ial processes inchiding floodplain aggra- 
dation and formation of microrelief patterns 
eg. backwater depressions contribnte to the 
diversity and “inosaicism” of riparian plant com- 
monnties m many flood-driven ecosystems Kal- 
loli Puhakka  19S5S'. Within — the 
Hassavampa floodplain. as well. variable sedi- 
ment de position . ind scour patterns contributed 
to patchiness” within the riparian Hoodplain. 
For cxunpie, localized light gaps were formed 
In areas With major debris deposition. and scour 
| ls] 


and 


backwater depressions’ were formed 
None main chamels and in overflow channels. 
| loodplam scdimentation accentnated the ex- 

Levies oof hydroloweal gradients e.g. gradients 


depth to vrourdwater which contribute to 


erstie diversity within riparian ecosystems of 


| Uouepa River and elsewhere Happ 
| Os tetemea i ISS. Bravard ct al. 1986. 

S iat gl yy *. 
| my fed resulted in gr¢ ater 
t) : Wabere ater woods plant 
iL ; )}) Adie) Hoods. Effects 
ol var evedt canon 
be spre ty aur rer Mood in 
1970 in lsfeore fevthins 19894 
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established in 1959, 1952. and earlier (Strom- 
berg etal. 1991). The 10-vear return flood prob- 
ably reached a “geomorphic threshold.” that 
being the level at which substantial change in 
floodplain morphology and vegetation begins to 
occur, based on studies of miler desert rivers 
that implicate the 5-vear return flow as a thresh- 
old discharge for channel and Hoodplain insta- 
bility | Graft 1983). 

Other potential effects of the [ood on ripar- 
han vegetation such as changes in plant produc- 
tivity as a result of nutrient or water pulses were 
not addressed in this study, nor was the role of 
vegetation in moderating flood processes eyplic- 
ith: addressed. 

Data in this paper suggest that floodplain 
vegetation aided in stream bank stabilization 
and sediment trapping, important functions of 
wetland and riparian vegetation (Fisher and 
Mincklev 1975, Cooper et al. 1987, Sullivan and 
Stromberg 19921. The vegetation also mav have 
enhanced grommdwater rechar ge and reduced 
the doausheam impact of flood flows by reduc- 
ing flow velocities and increasing water reten- 
tion time within the floodplain (Burkham 1976, 
Beschta and Platts 1956). 
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